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ABSTRACT. By altering the analytical parameters on an automated analyzer, analytical precision for measuring 
cholinesterase (ChE) activity in hemolysates was markedly improved in samples from several species. Manual 
and automated spectrophotometric analyses of plasma and erythrocyte ChE activity were optimized for use in 
rats, mice and dogs. Replicate ChE analyses were performed on plasma samples and on hemolysates made from 
whole blood or packed erythrocytes to determine the precision of the manual ChE method and 4 modifications of 
the automated method. Large method-related differences in precision were observed for the erythrocyte assay, 
but not the plasma assay. The addition of a nonionic detergent to make hemolysates was beneficial in deter- 
mining erythrocyte ChE activity in the rat. but not in the mouse or dog. Species specific temperature con- 
version factors were necessary for comparing results from methods using different analytical temperatures. 
Analysis of whole blood hemolysates provided similar or better precision for determining erythrocyte ChE ac- 
tivity compared to using hemolysates made from packed erythrocytes. Comparisons of erythrocyte ChE results 
obtained from assays with even minor methodological differences should be approached with caution because of 
the many analytical factors which can affect results. 



Estimating the potential neurotoxicity of 
cholinesterase (ChE) inhibitors in safety as- 
sessment studies typically includes measuring 
plasma and erythrocyte ChE activities. Usu- 
ally these studies are carried out on rats, 
mice or occasionally dogs. Interpreting the 
significance of decreased plasma or erythro- 
cyte ChE activity has often been controver- 
sial (1). While much of the controversy- 
has centered on the statistical and biologi- 
cal aspects of interpreting ChE results, the 
impact of analytical factors has not received 
as much attention. Cholinesterase activity 
has been measured liy a number of methods over 
the years (2-4). • 'K<!)>*#ever . the analysis of 
animal samples using modern automated pro- 
cedures is not as simple as one might expect 
considering the literature available on ChE 
analysis. Analytically imprecise assays will 
be inaccurate predictors of toxicological ly 
significant effects. Discussions concerning 
the most appropriate method of interpreting 
the toxicologic significance of decreased 
ChE activity are moot unless the precision 
of the analytical method is adequate. 

Changes in procedure are sometimes required 
when the reagent kits used are originally 
designed for human samples. This is frequent- 
ly the case with samples which are already 
an analytical challenge, eg hemolysates or 
tissue homogenates. Several commercially 
available kits are manufactured for the man- 
ual or automated analysis of ChE activity. 
Most are based on the original method of 
Ellman (3). Using reagent kits and automated 
analyzers provides a convenient and cost- 
effective way of obtaining results for most 
clinically relevant analytes. However, there 
is usually a paucity of information about 
the potential differences between the analy- 
sis of animal and human samples for most kits. 
Using a typical ChE reagent kit we obtained 



♦Portions of this study were presented at the 1989 
American Society for Veterinary Clinical Pathology 
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excellent precision on animal plasma samples. 
However, imprecise or unusable results were 
often obtained when the erythrocyte ChE ac- 
tivity was determined on animal samples. 
These results appeared to be caused by 2 
problems. First, the presence of erythro- 
cyte stroma, and perhaps hemoglobin, inter- 
fered with the spectrophotometric detection 
of the chromagen in the reaction mixture. 
Secondly, the reaction rate for the hemoly- 
sate occurred much more slowly than for plas- 
ma (0.7 mA/sec versus 1.3 mA/sec) . Due to 
slow reaction rate, changes in the reaction 
absorbance were more difficult for the analyz- 
er to measure. Many reactions were deter- 
mined to be "nonlinear" by the analyzer (eg 
zero-order rate kinetics were not present). 
Therefore, we investigated modifications to 
the existing automated {)rocedure that would 
provide better precision and fewer nonlinear 
reactions in rat, mouse and canine samples, 

MATERIALS AND METHODS 

Equipment and Reagents 

Manual analyses were 
spectrophotometer (Cib 
Oberlin, OH). Automat 
formed on an ENCORE II 
(Serono Baker Diagnost 
A commercially availab 
ReagentSet, Boehringer 
Indianapolis, IN) base 
was used for both the 
analyses (3). Nonioni 
X-100, Sigma (:hemical , 
phosphate buffered sal 
EM Science, Cherry Hil 
make some hemolysates. 

Animals 

Blood samples for analysis were obtained 
from young beagle dogs (Marshall Research 
Animals, North Rose, NY), adult Crl:CD BR 
rats (Charles River Laboratories Inc. Kings- 
ton, NY) and adult Cr 1 : CD-I ( ICR) BR mice 
(Charles River Laboratories Inc, Raleigh, 
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NC) . Blood was obtained from the jugular 
vein of dogs, and the orbital plexus of rats 
and mice while they were under light carbon 
dioxide anesthesia. For comparison purposes, 
blood samples from a limited number of human 
volunteers in our laboratory were also ana- 
lyzed for ChE activity. While there was some 
attempt to maintain an equal number of ani- 
mals and replicates in each comparison, the 
availability of ariimals and the time required 
to perform replicates of manual methods lim- 
ited the value of '*n" in some comparisons. 

Analytical Procedures 

Analyses for ChE activity were performed 
on plasma, whole blood hemolysate, and hemo- 
lysate from washed and unwashed packed ery- 
throcytes. Unless otherwise specified, hemo- 
lysates were prepared by diluting whole blood 
1:10 or packed erythrocytes 1:20 with dio- 
nized water or, i?*',,.,,^. 5% solution of nonionic 
detergent in buffer. Erythrocyte ChE acti- 
vity (RBC ChE) was calculated from the whole 
blood (WB ChE) and plasma ChE (PI ChE) re- 
sults using a formula provided by the rea- 
gent manufacturer : 

RBC ChE=WB ChE- [PI ChE x (1-Hct)l/Hct 
where Hct is the whole blood hematocrit. 
Tne units for reporting all RBC ChE results 
are international units/liter of packed ery- 
throcytes (lU/L). 

Manual analyses were performed according 
to the reagent manufacturer's instructions. 
For comparison purposes, this method was 
cosidered the reference method. Automated 
analyses were performed according to recom- 
mendations from the instrument manufacturer 
(Mt) and 3 other modifications of that method 
(H2, M3, M4) (Table 1). Briefly, these modi- 
fications involved changes in the incubation 
time (Ti), total reaction time (Tf ) , the time 
"window" in which absorbance readings were 
taken (T^), and the interval of time between 
specific absorbance readings used to deter- 
mine the reaction rate (Tr). The instrument 
took absorbance readings every 2 sec through- 
out each T^i but any interval of time in mul- 
tiples of 2 seconds (Tj.) could be selected 
for determining the reaction rate. Since 
the reaction rat^ for determining ChE acti- 
vity was slow/ '^'ev^ral longer Tr periods were 
chosen for investigation. The values for 
Tf and Tw were not critical, but were length- 
ened to accomodate the longer Tj. periods. 
The best Tj^ time was determined from a graph- 
ic printout from the analyzer of the reaction 
rate versus time. The analyses were per- 
formed at 30 C with a linearity limit of 
0,02 absorbance units/sec. The instrument 
automatically rejected results from reactions 
in which the change in absorbance did not 
occur at a constant rate throughout any T^ 
period (nonlinear reactions). Also, reac- 
tions which were too slow to detect, had an 
absorbance reading exceeding a maximum limit 
(2.3 A), or which showed premature substrate 
exhaustion were automatically rejected. Re- 
sults from cuvettes with rejected reactions 
were not reported by the analyzer. This 
assured that absorbance readings used to 
calculate each sample's ChE activity were 
from reactions with zero-order kinetics. 
(In a state of zero-order kinetics, the re- 



Table 1. 

Instrument Parameters For Determining 
Cholinestecase Activity On Ar> Encore II 
Analyzer By Tour Methods <B1 - M4 ) 

METHODS 



Ml 



n2 



H3 



Paramete rs» 



( seconds ) 





60 


60 


40 


70 


Tw 


30 


120 


100 


120 




10 


30 


25 


40 


T« 


lao 


275 


300 


330 


• Ti- 


"initial time". 


Tw" " 


window time" , 


T,- "rate time" 


Tf- 


total reaction 


time- 


See text for details. 



action rate was directly proportion 
concentration of enzyme [5].) 



il to the 



The precision of each automated method 
was determined on 6 rat, mouse and human 
blood samples and 3 canine samples by re- 
peatedly analyzing each sample. Each plasma 
sample was analyzed 6 times and each hemoly- 
sate was analyzed 10 times by each automated 
method. The precision of the manual method 
was determined on the same samples, but plas- 
ma samples were analyzed twice and hemoly- 
sates 4 times each. The mean PI ChE result, 
from each respective method, and a single 
hematocrit result were used in the calcula- 
tion of RBC ChE activity from WB ChE results. 
Hemolysates made from whole blood and packed 
erythrocytes were analyzed by each method. 
Coefficients of variation (CV) for each spec- 
ies by each method were calculated by averag- 
ing the individual CV's from each sample. 
Additional rat samples with a wide variety 
of ChE activities were analyzed using the 
manual method (considered a reference meth- 
od) and M3. Similar comparisons between M2 
and M3 using whole blood hemolysates and be- 
tween hemolysates made with whole blood and 
packed erythrocytes (using M3) were also per- 
formed. Method comparisons were made using 
regression analysis (6) . 
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To investigate whether the hemolysate re- 
action rate could J?;Q?*,,ij:icr eased by increasing 
the concentration of enzyme in the hemoly- 
sates. dilutions of a previously analyzed 
rat hemolysate in commercial control sera 
(Precinorin E» Precipath E, Boehringer NSann- 
heim Gmblt, Mannheim, Germany) were made and 
analyzed. Various mixtures of control sera 
and rat blood hemolysate with hemoglobin con- 
centrations of 0.2 g/dL to 2.25 g/dL were 
analyzed for ChE activity. A ChE result was 
also calculated for each mixture based on 
the relative amount of hemolysate and control 
sera in each mixture and their known acti- 
vities. The effect of increasing the hemo- 
globin concentration on the analysis of he- 
molysate ChE activity was determined by com- 
paring the calculated result with the result 
obtained by analyzing the mixture. 

The ChE activities o'f hemolysates made from 
washed and unwashed packed erythrocytes were 
compared to determine the need for washing 
erythroctyes prior to analysis. Unwashed 
packed erythrocytes were obtained by pipet- 
ting erythrocytes directly from the bottom 
of a tube of centrifuged rat or dog blood 
(2000 X g for 10 min). Washed packed erythro- 
cytes were obtained from the same samples us- 
ing 2 washes pf phosphate buffered saline. 
Three samples from each species were analyzed 
in triplicate using either washed or unwashed 
erythrocytes. A 2-w'aJ^anal ysis of variance 
(species and washing) was used to determine 
if washing the erythrocytes prior to analysis 
was necessary . 

RESULTS 

The instrument parameter changes made in 
the mod"ified methods resulted in marked im- 
provements in erythrocyte ChE assay precision 

Table 2. 

Precision estimates (Coefficient o£ Variation, C.V.) rot rive 
Methods Of OatarBlning Cholineateraae Activity In Plaau And 
erythrocytes , A Hanual Kethod, An Autonated Hethed (HI). And 
Three Nodi f ications of the Autoaated Method (N2,n3.K4). 



Calculated* 
RBC 



Direct^ 
KBC 



COEmCl'teWTS OF VARIATtOH 



Manual 


2 


9 


4.6 


3.0 


HI 


3 


2 


19.0 


14. S 


m2 


1 


5 


9.7 


10.0 


n3 


0 


4 


1.4 


1.0 


H4 


0 


4 


1.2 


i.a 


DOG (n-3) 










Manual 


3 


8 


9.2 


5.4 


Ml 


0 


3 


21.3 


14. S 


h2 


0 


6 


6.2 


5,3 


M3 


0 


2 


S.7 


7.2 


M4 


0 


3 


3.2 


2.8 


MOUSE (n-6) 










Manual 


1 


7 




5.6 


Ml 


0 


6 ' 


• 15.2 


16.4 


H2 


0 


6 


e.6 


22.6 


n3 


0 


4 


2.4 


3,fl 


H4 


0 


4 


2.2 


5.4 


Hunan (n-6) 










Manual 


2 


.1 


5.0 


3.5 


Ml 


0 


.4 


5.9 


6.3 


M2 


0 


9 


3.2 


3,7 


H3 


0 


.4 


i.e 


3.4 


M4 


0 


.5 


0.9 


1.1 



Cholinesterase activity calculated fron whols 
blood and plasma results, see text for details 
of calculations . 

Cholinesterase activity determined fron packed 
erythrocytes . 
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Figure 1. Regression analysis comparing plasma cho- 
linesterase activity results from a manual method 
(Man) with results from a modified automated method 
(M3) using rat samples. 

(Table 2). All methods provided good preci- 
sion for the plasma assay. Longer Tr periods 
provided more precise (repeatable) results 
than shorter Tp periods. The decreased Ti 
in M3 seemed to increase precision for rat 
and mouse samples much more than for the dog 
samples, as the reaction in the dog seemed 
to develop much more slowly. A longer lag 
period (T^) and Tj. in M4 gave an increase in 
precision for canine samples not observed in 
the rat or mouse . 

A comparison of the manual method and M3 
is shown for rat plasma and erythrocyte ChE 
results in Fig 1 and 2, respectively. Plasma 
results from the manual method and M3 agreed 
quite closely. Similar findings were obtained 
for plasma ChE analyses when other combina- 
tions of methods were compared (results not 
shown). While there is general agreement be- 
tween the 2 methods for erythrocyte activity 
at all level s! tested , the results show sub- 
stantial constant ( y-i ntercept ) , random 
(Sy|x) £Lnd proportional (slope) differences. 
The y-intercept and slope were both signifi- 
cantly different from 0 and 1, respectively 
(p<0.05). A comparison of 2 automated meth- 
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Figure 2. Regression analysis comparing erythrocyte 
cholinesterase activity results from a manual method 
(Man) with results from a modified automated method 
(M3) using rat samples (calculated erythrocyte method) 
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Figure 3. Regression analysis comparing rat erythro- 
cyte Choi inesterase activity results from two modi- 
fied automated methods (M2 and M3). 

ods (n=26) gave regression statistics of M3= 
0.98*M2 + 6.87, Sy|x=2l.47, ra=Q.99 for plas- 
ma. The comparison of M3 and M2 for RBC ChE 
is presented in Fig 3. Even in 2 methods as 
closely related as M2 and M3 , the erythrocyte 
comparison showed substantial method-related 
differences, ie the intercept and slope were 
significantly different from 0 and 1, respec- 
tively (p<0.05). 

Temperature conversion factors for human 
samples provided by the reagent manufacturer 
were confirmed in this study. However, these 
factors were substantially different from 
those established for the rat and dog (Table 
3). . 



Concent rat ions of non ionic de 
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Species 


Table 3. 
Specific Temperature 


Conve rfiion 


Fact-ors 




HUMAN* 


RAT» 




Tempe rature 


(A) (B) 






25 C 


1 . 00 1 . 00 


1.00 


1.00 


30 C 


0.78 0.77 


0.86 


0.85 


37 C 


0.60 0.58 


0.70 


0.70 



•(A)" Manufacturers' stated factors 
(B)* Factors established in our laboratory (n-5 
run in duplicate) 
b - n-2 0 ' ••^^''^•^ 

« - n-3 sanples run. in duplicate 



samples 



The presence of the detergent decreased the 
hemolysate activity in mice, particularly in 
female mice (Fig 4C). When the low whole 
blood result was used to calculate the ery- 
throcyte activity an apparent decrease in the 
erythrocyte activity was observed. 

Increasing the hemoglobin concentration in 
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Figure 4A-C. Comparison of various concentrations 
of a nonionic detergent (Triton X-100) with water on 
the chol inesterase activity of whole blood hemolysates 
from rats (A), dogs (8), and mice (C). N=10; the 
same samples from 5 males and 5 females were analyzed 
for each Triton concentration. The abscissa of each 
figure represents the relative chol inesterase activity 
in a hemolysate made with Triton compared to the cho- 
lines terase activity in a hemolysate from the same 
sample made with deionized water (Triton hemolysate 
activity/water hemolysate activity). 
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the control sera/hemolysate mixtures up to a 
hemoglobin concentration of 1.5 g/dL did not 
affect the measurement of ChE activity (Table 
4). Hemoglobin concentrations of 2.25 g/dL 
and higher interfered with the spectrophoto- 
metric detection of the chromagen at 405 nm. 

A comparison of erythrocyte ChE results cal- 
culated from packed erythrocyte and whole 
blood hemolysates is shown in Table 2. The 
comparison of ChE results for a variety of 
rat samples (n=26) analyzed using both whole 
blood (WB) and packed cells (PC) gave regres- 
sion statistics of PC=1.14*WB + 131.0, Sy | x- 
279 34 r2=0.86. The intercept and slope 
were significantly different from 0 and 1, 
respectively (p<0.05). These results suggest 
that RBC ChE results from whole blood and 
packed erythrocyte hemolysates made from the 
same sample will have equivalent, but probably 
not equal, results. 

Washing erythrocytes prior to determining 
ChE analysis to remove residual plasma did 
not appear necessa-n^W The analysis of vari- 
ance did not show any significant differences 
between results from washed and unwashed sam- 
ples (p=0.13). Mean hemolysate ChE activity 
results (lU/L) from 3 canine samples, each 
analyzed in triplicate, were 84, 84 and 96 
for unwashed cells, compared to 83, 78, and 
102, respectively, for the washed cells. Mean 
hemolysate ChE activity results (lU/L) from 3 
rat samples, each analyzed in triplicate, were 
144 156, and 152 for the unwashed cells, com- 
pared to 131, 153, and 138, respectively, for 
the washed cells. 

DISCUSSION 
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Cholinwstecaaa Activity Of Two Contfoi S.ca Containing 
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HCHOGLOBIN 


CBOLXNESTERASE 


ACTIVITY (lU/LJ 


CONCEHTRATION ( q»/d IJ 


ACTUAL 


EXPECTED 




0,075 


304 


287 


Control 


o.iso 


312 


297 


Sera I 


0.375 


328 


335 




0.750 


396 


372 




1.500 


47$ 


467 




2 .250 


HR 
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0.075 


123 


113 
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Sara XI 


0.375 
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151 




0.7S0 


203 
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1.500 


288 


293 




2. 250 


N» 


388 



HS - NO R««ult«. Results "flagged", abaorbance exceeded 2.3A 
limit. Result not valid. 



lyze erythrocytes also reduced the ChE acti- 
vity, slowing the analytical reaction rate. 
Attempts to increase the amount of activity 
by increasing the concentrations of enzyme 
in the hemolysate were limited by the inter- 
ference of hemoglobin at concentrations above 
approximately 1.5 g/dL. The precision esti- 
mates from human samples were often much bet- 
ter than those from animal samples, regardless 
of the method used (see CV * s in Table 2). 
Whatever the reason, animal samples were more 
difficult to analyze than human samples. 
Therefore, it appeared species specific 
changes in methodology were required to ob- 
tain adequate precision for determining ery- 
throcyte ChE activity. 

Alterations made in the analytical parame- 
ters resulted in 1 basic change. By using 
a longer time period (Tr) for measuring the 
increase in absorbance, a larger absorbance 
change was used to determine ChE activity 
in each sample. Since the interfering sources 
of variation appeared to be random rather 
than additive, their impact on measuring ab- 
sorbance changes became relatively smaller. 
The changes in T^ and Tf were only made to 
accomodate the longer Tr period. The Ti time 
was selected so that absorbance readings from 
the initial period where reaction kinetics 
are not yet in equilibrium (lag phase) were 
disregarded. A graphic print-out of the 
change in absorbance over time was used to 
determine the best T^. The instrument . auto- 
matically disregarded readings from addition- 
al portions of the reaction not conforming 
to zero-order kinetics (ie a nonlinear change 
in the reaction rate). 

The manual ChE method was considered the 
"reference" method in this study because it 
was the method provided by the reagent kit 
manufacturer. The comparison of the manual 
method with M3 (our current method of choice 
for rats and mice) showed a linear relation- 
ship existed between results from each meth- 
od for both plasma and RBC ChE activity. How- 
ever, unlike the plasma activity results, 
differences between the methods were quite 
marked in the erythrocyte assay (as indicated 
by the intercept and slope estimates m Fig 
2). Random differences (estimated by Sy|x) 
might be accounted for by the imprecision 
present in the manual method. However, the 
large y-intercept and slope estimates in the 
RBC ChE comparisons suggested large method- 
related differences exist. Since the only 
difference between the plasma and erythro- 
cyte assays for each method was the sample, 
it appeared that each method reacted differ- 
ently to the presence of interfering sub- 
stances in the hemolysates. Regression re- 
sults from the comparison of RBC ChE results 
from 2 closely related iautomated methods, 
M2 and M3 , supported this conclusion (Fig 3). 
While comparisons of. plasma ChE results from 
different spectrophotomet ric methods might 
be possible, similar comparisons of erythro- 
cyte results should be approached with cau- 
tion, even if the methods appear quite close- 
ly related. These f indings-^present a strong 
argument for converting ChE results into a 
standardized format (eg a percent of the con- 
trol group mean value) for safety assessment 
studies . 
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The most desirable enzyme assay is usually 
the one with the best precision. In our study 
this appeared to be M3, except in the dog 
where H4 was better. Method 3 was selected 
over M4 in rats KTiaS.*-3tice because it used 
shorter parameter times and had nearly the 
same precision as M4 . Since the CV ' s in Table 
2 were calculated from replicate analyses of 
samples from animals of different ages and 
sexes, o'nly the variances of the replicates 
were deemed appropriate for combination into 
a mean estimate of method precision. Mean 
ChE results would not be very meaningful as 
reference values. The mean values of the 
rat samples shown in Table 5 are presented 
only to demonstrate the marked method-related 
differences in the erythrocyte results. The 
mouse and dog results showed a similar pat- 
tern. We selected M3 for the rat and mouse 
and M4 for the dog based on their superior 
precision, not because the results they pro- 
vided matched those obtained using the re- 
agent manufacturer ' s -manual method. In toxi- 
cology studies where data from a control 
group are compared clinically and statisti- 
cally to one or more treatment groups, it is 
important to reduce non-treatment related 
variance. The presence of significant vari- 
ance unrelated to treatment may result in 
erroneous conclusions about the effect of a 
given material. Method-related variance in 
currently available data may be a significant 
contributor to the uncertainty over what con- 
stitutes a biologically significant decrease 
in ChE activity. ' 



Table 5. 

Mean Plasma And Erythrocyte (RBC) Cholinesterase 
Activity (U/L) Results Obtained from Rat Samples 
Using A Manual Method, An Automated Method (Ml) 
And Three Modifications Of The Automated 
Method (M2,M3,M4) 



Calculated* 
RBC 



Di rect" 
RBC 



Because measured enzyme activity is depend- 
ent on the assay temperature, temperature 
conversion factors are often provided by 
reagent manufacturers. Manual assays are 
often more conveniently performed at 25 C, 
while clinical analyzers will perform the 
assays at 30 or 37 C. Enzyme activity re- 
sults obtained from assays performed at dif- 
ferent temperatures must be converted to the 
same temperature before they can be compared. 
We have noted previously that conversion fac- 
tors provided by manufacturers are established 
for human samples and may not be accurate 
for animal samples (7). The conversion fac- 
tors provided with the cholinesterase re- 
agent kit used in this study were accurate 
for human samples, but not for rats or dogs. 
The new factors we have establ ished are not 
method-specific and can be used for the con- 
version of ChE results from any spect rophot o- 
metric ChE assay. 

A 0.5% solution of Triton X-100 was con- 
sidered optimal for hemolyzing rat erythro- 
cyt:js. Inhibited ChE activity in mouse he- 
molysates and a variable response in canine 
hemolysates made deionized water a better 
hemolyzing agent in these species. This 
finding in dogs conflicts with the results 
of a previous study which did not report any 
problems with a 5% solution of the same de^ 
tergent used in this study (8). The problem 
can be avoided if packed erythrocytes are 
used, since it was discovered that it . was 
the plasma ChE activity that was inhibited 
by the detergent in the whole blood hemoly- 
sates of mice and some dogs. While centri- 
fugation of hemolysates is used by some lab- 
oratories to reduce the amount of stromal 
interference in hemolysates, this procedure 
intentionally removes a portion of the ana- 
lyte being measured. We felt a better solu- 
tion to the problem of stromal interference 
was to change the assay to accommodate the 
sample. By changing the way the analyzer 
measured ChE activity, we markedly increased 
precision without having to remove a portion 
of the analyte from each sample using a pro- 
cedure which had the potential of markedly 
reducing analytical precision. 



RAT (n-6) 

Manual 

Ml 

M2 

M3 

M4 



799^ 

766 

800 

806 

807 



3734 
5710 
3728 
3004 
2710 



3307 
4880 
3323 
2607 
2357 



• Cholinesterase activity calculated from whole 
blood and plaB;'.> ^^vr^eSMl ts , see text for details 
oC calculations. 

^ Cholinesterase activity determined from packed 
erythrocytes . 

« Values ace mean results from replicate analyses 
performed on a sample from each subject (n-6). 
See text for details of replicate analyses. 



Using packed erythrocytes rather than whole 
blood to make hemolysates appeared a sensible 
way of eliminating several sources of varia- 
tion. Neither the plasma ChE activity nor 
the hematocrit are required; this eliminates 
2 potential sources of measurement error. 
Packed erythrocytes are particularly easy to 
use since we have shown that washing the cells 
is an unnecessary step (see Results). Washing 
the erythrocytes is time consuming, labor 
intensive, and impractical for large sample 
loads unless automated: Washing may also 
enhance reactivation of ChE inhibited by 
carbamates, making it impractical for safety 
assessment studies with these compounds. How- 
ever, our results show that the whole blood 
method of determining erythrocyte ChE acti- 
vity using the improved methodologies (M3 
or M4) provided similar or better precision 
when compared to the packed cell method 
(Table 2). In spite of the seemingly odd 
calculation of erythrocyte activity required 
in the whole blood method, it provides pre- 
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cise results. We have continued to use the 
whole blood method for samples from all spec- 
ies. However, results from 2 hemolysates 
(1 from whole blood arid 1 from packed ery- 
throcytes) made from the same blood sample 
should give biologically equivalent, but 
probably not equal, results. 

Inhibitors of plasma ChEs (butyry Ichol in- 
esterase> have been used in whole blood sys- 
tems to specifically measure erythrocyte ChE 
activity without the need for calculations 
or blood separation (9). This may work in 
samples from humans, but plasma from animals 
often contain acetylcholinesterase and other 
choline esterases "wK'i€h may not be inhibited 
by a specific inhibitor of butyrylchol ines- 
terase (9,10). The complexity introduced 
into ChE analysis by the addition of inhibi- 
tors with unknown activity seems unwarranted 
in light of the precision which can be ob- 
tained with either the calculated or direct 
RBC methods investigated in this paper. 

Exposure concentrations in safety assess- 
ment studies on ChE inhibitors are often 
selected so that the only apparent treatment- 
related effect will be a decreased ChE ac- 
tivity. This places emphasis on a single 
clinical biochemical result that is usually 
not present in most safety assessment studies. 
Factors affecting the measurement of ChE 
activity in blood or tissues unrelated to 
the test material can " have a marked impact 
on the outcome of the study, and hence the 
regulatory decisions on the use of the com- 
pound. There are many methods of measuring 
ChE activity in blood and tissue. Some have 
potent-ially less method-related variability 
than many current spectrophotomet ric methods. 
However, most of these methods are not prac- 
tical in a busy clinical laboratory perform- 
ing tests in support of a wide variety of 
safety assessment studies. Therefore the 
spectrophotometrir:,,inf^hod used in this study 
is likely to be in common use for some time. 
This method is capable of providing results 
on animal specimens with adequate precision, 
if appropriately adapted to the specific ana- 
lyzer and species. Additional care is re- 
quired in the interpretation of RBC ChE re- 
sults, particularly historical data or a 
comparison of results from several labora- 



tories, as RBC ChE results may be markedly 
affected by seemingly minor methodological 
differences . 



ACKNOULEOGEMEHTS 

The authors wish to thank R Markevitch and Or R 
Hall of Hazleton Wisconsin for their advice, particu- 
larly with respect to the idea of using unwashed 
packed erythrocytes. The authors would also like 
to thank MA Szymanski , JR Pennington and CL Samson 
for technical assistance and Dr A Banerjee for statis- 
tical consultation. 

REFERENCES 

1. feport of the SAB/SAP Joint Study Group on Cholinesterase. 
Review of Cholinesterase Inhibition and Its Effects. US 
Environmental Protection Agency Science Advisory Report, 
EPA-SAB-EC-90-014, US EPA, Washington X, 1990. 

2. Abemethyi4^. Fitzgerald HP, Ahem MK: An Enzynatic Method 
for Erythrocyte Acetylcholinesterase. Clin Chen 34:1055-1057. 
1988. 



3. 



10. 



Ellman GL, Courtney KD, Andres Jr V, Featherstone m: A 
New and Rapid Colorimetric Determination of Acetylcholines- 
terase Activity. Biochem Pharmacol 7:88-95, 1961. 

Michel HO: An Gectrometric Method for the Determination 
of Red Blood Cell and Plasma Cholinesterase Activity. J 
Lab Clin Med 34:1564-1568, 1949. 

H)ss DA, Henderson AR, Kachmar JF: Enzynes. In Tietz I*J 
ed: Fundaiientals of Clinical Chenistry 3rd ed, WB Saunders 
Co, Philadelphia: 346-421, 1987. 

feilman Mft, Gunst RF, LakshTnnara>anan MY: Stochastic Re- 
gression with Errors in Both Variables. J Qual Technol 18: 
162-169, 1986. 

Carakostas MC, Power RJ, Banerjee AK: Serum 5' nucleotidase 
Activity in Rats: A Pfethod for Ajtanated Analysis and Cri- 
teria for Interpretation. Vet Clin Pathol 19:109-113, 1990. 

Ward FP, Hess TL: Ajtomated Cholinesterase Measuranents: 
Canine Erythrocytes and Plasna,? An J Vet Res 32:499-503, 
1971. 

Hoffnan WE, Kramer J, Main AR, Torres JL: Clinical Enzynology. 
In Loeb WF, Quinnby FW eds: The Clinical Chemistry of Labora- 
tory Animals, Pergamon Press, New York: 237-278, 1989. 

KarczTur AG. Usdin E, Wills JH; Anticholinergic Agents. In 
International Encyclopedia Phamacology and Therapeudics, 
Sec 13, Vol 1, Pergonon Press, Oxford, 1970. 



HOW YOU CAN REDUCE STRESS 

Try these tips to cope with stressful situations: 
Schedule anticipated stress. When possible, space 
stressful situations so they don't come all at once. 
Arrange for privacy. Find a place and schedule a 
time where you can think alone without interruption. 
Maintain control. Don't allow insignificant events 
to control you. 

Establish support systems among family, friends and 
colleagues. 

Don't procrastinate. Stressful situations get worse 
the longer you tolerate them. 

Make decisions based on your needs rather than what 

others expect your needs to be. 

The Newslink, Warwick Insurance 
Company, Four Gatehall Drive, PO 
Box 520, Morris Plains, NJ 07950 



OVERCCWIHG CONVENTIOHAL WISDOM WAS NEVER EAST... 

For centuries, people believed that Aristotle was 
right when he said that the heavier an object, the 
faster it would fall to earth. Aristotle was re- 
gardedas: the greatest thinker of all times and sure- 
ly he could not be wrong. All it would have taken 
was for one brave person to take two objects, one 
heavy and one light, and drop them from a great 
height to see whether or not the heavier object land- 
ed first. But no one stepped forward until, nearly 
2000 years after Aristotle's death. In 1589, Galileo 
summoned learned professors to the base of the lean- 
ing Tower o£ Pisa. Then he went to the top and push- J 
ed off a ten-pound and a one-pound weight. Both 
landed at the same time. But ttie power of belief in 
the conventional wisdom was so strong that the pro- 
fessors denied what they had seen. They continued 
to say Aristotle was right. 
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